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Comparison  of  Stress-Strain  Curves  with  Hydrostatic  Pressure  (1000  psi) 


A  Significant  Three-Dimensional 
Effect  Occurs  During  Crack  Turning 
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Pre-Damaged  Specimen  virgin  Specimen 


4  There  Exists  a  Representative  Volume  for  a 
f  Valid  Homogeneous  Continuum  Assumption  of 

the  Solid  Propellant 


Supervoxel  Edge  Size,  0.1  mm 
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Deformed  x  Coordinate  (Pixel) 


The  Strain  Rate  in  the  Thin  Liner  Layer  of  the 
Propellant/Liner/Propellant  Specimen  Increases 

With  Increasing  Time 
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propellant,  and  they  vary  with  time. 


Slide  1-7  Self-Explanatory 

Slide  #8  We  included  the  pressure  effect  in  a  constitutive  model,  which 
was  incorporated  in  a  computer  program. 

The  dark  areas,  shown  in  the  top  picture,  are  the  end-taps  of  the 
analogy  specimen. 

The  two  crack  initiation  locations,  shown  in  the  center  picture  , 
are  consistent  with  the  high  stress  locations  determined  from 
the  finite  element  analysis. 


Slide  #9 


Ah? 


2 


<l 


During  crack  turning,  a  three-dimensional  stress  state  exists  along 
the  crack  front  and  the  stress  distribution  is  non-uniform.  Under 
this  condition,  the  crack  will  grow  slowly.  After  the  crack  turning 
process  is  completed,  the  shear  stress  (Mode  II  Stress)  no 
longer  exis^and  the  crack  grows  under  normal  stress  (Mode  I). 


The  point  G^shown  in  the  left  side  of  the  top  picture/ indicates  -  ^  4 
the  crack  tip  location  after  the  completion  of  the  crack  turning  2- 
process,  whereas  the  point  G^shown  in  the  right  side  of  the  top 
picturef-mdicates  the  crack  tip  location  during  the  crack  turning 
process. 


Pis 
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The  two  bottom  pictures  show  the  fringe  patterns  determined 
from  the  pohotoelastic  analysis.  The  picture  to  the  left  shows 
that  the  fringe  pattern  is  symmetric  with  respect  to  the  tip  of  the 
completed  turned  crack,  indicating  there  is  no  shear  stress.  The 
picture  to  the  right  shows  that  the  fringe  pattern  is  rotated  with 
respect  to  the  tip  of  a  turning  crack,  indicating  there  is  shear 
stress^ 


Slide  #10  For  a  given  time,  the  values  of  the  damage  parameter  depend  on 
time.  However,  the  value  of  the  critical,  or  the  maximum, 
damage  parameter  is  independent  of  time,  or  loading  history. 

The  different  colors  shown  in  the  figure  indicate  different 
transmitted  x-ray  intensities,  which  are  related  to  the  damage  in 
the  material.  For  pre-damaged  specimen,  prior  to  testing,  the 
specimen  was  stretched  to  20%  of  strain  to  induce  damage  in 
the  specimen.  The  similarity  between  the  two  x-ray  pictures 
implies  that  the  effect  of  load  history  on  the  critical  damage 
characteristics  is  not  significant.  For  a  solid  propellant,  a  9.5% 
difference  in  the  critical  x-ray  intensities,  1828  and  2019,  is 
insignificant. 


Slide  #11 
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The  representative  volume  is  defined  as  a  volume  in  which  the 
macro  structure,  or  the  material  property,  is  the  same  as  a  large 
specimen  such  as^JANNAF  dogbone  specimen. 

The  black  spots,  shown  in  the  CT  Image,  are  the  low-density 
regions  in  the  center  plane  of  the  specimen. 


The  RMS  (root  mean  square)  values  of  the  supervoxel  means 
are  used  to  estimate  how  the  material  varies  from  supervoxel  to  , 
supervoxel.  The  curve  starts  to  level  off  around  2  mm/T  ^ 
indicating  the  material,  or  the  microstructure,  does  not  vary  with 
supervoxel  size.  The  drop  of  the  RMS  value  at  5  mm  is  due  to  a 
large  step  used  in  data  analysis  --pU  « 

QCripA  V.tfts' 

Slide  #  1 2  Based  on  my  probabilistic  crack  growth  model,  crack  growth  rate 
decreases  as  the  damage  gradient  is  increased.  Since  the  damage 

rk-.  ^  _ gradient  is  ^ommeasurec^ith  the  strain  gradient,  the  increase  in 

strain  gradient  under  T000  psi  confined  pressure  will  induce  a 
.r  ;lf  ^  slow  crack  growth  ( Bottom  Picture). 

=.  c'cvrr^UM .  under  1000  psi  confined  pressure,  the  crack  grows  slowly 

beyond  the  maximum  applied  load  (  Top  Picture). 


Slide  #  13 


Based  on  test  results,  we  found  that  the  strain  rates  in  the  liner 
and  the  interface  regions  are  different  from  the  applied  strain 
rate  and  they  increase  with  increasing  time  (Top  Picture).  This 
phenomenon  has  not  been  reported  in  the  rocket  industry  and 
research  community. 

At  33  min  40  sec  a  large  crack  initiates  in  the  center  of  the  upper 
interface  between  the  propellant  and  the  liner  (Bottom  Picture). 


Slide  #14 


Self-Explanatory 


